International reviews have concluded that consumption of fruit and vegetables might decrease the risk of lung cancer. However, the relevant epidemiological evidence still remains insufficient in Japan. Therefore, we performed a pooled analysis of data from four population-based cohort studies in Japan with >200 000 participants and >1700 lung cancer cases. We computed study-specific hazard ratios by quintiles of vegetable and fruit consumption as assessed by food frequency questionnaires. Summary hazard ratios were estimated by pooling the study-specific hazard ratios with a fixed-effect model. In men, we found inverse associations between fruit consumption and the age-adjusted and areaadjusted risk of mortality or incidence of lung cancer. However, the associations were largely attenuated after adjustment for smoking and energy intake. The significant decrease in risk among men remained only for a moderate level of fruit consumption; the lowest summary hazard ratios were found in the third quintile of intake (mortality: 0.71, 95% confidence interval 0.60-0.84; incidence: 0.83, 95% confidence interval 0.70-0.98). This decrease in risk was mainly detected in ever smokers. Conversely, vegetable intake was positively correlated with the risk of incidence of lung cancer after adjustment for smoking and energy intake in men (trend P, 0.024); the summary hazard ratio for the highest quintile was 1.26 (95% confidence interval 1.05-1.50). However, a similar association was not detected for mortality from lung cancer. In conclusion, a moderate level of fruit consumption is associated with a decreased risk of lung cancer in men among the Japanese population.
International reviews have concluded that consumption of fruit and vegetables might decrease the risk of lung cancer. However, the relevant epidemiological evidence still remains insufficient in Japan. Therefore, we performed a pooled analysis of data from four population-based cohort studies in Japan with >200 000 participants and >1700 lung cancer cases. We computed study-specific hazard ratios by quintiles of vegetable and fruit consumption as assessed by food frequency questionnaires. Summary hazard ratios were estimated by pooling the study-specific hazard ratios with a fixed-effect model. In men, we found inverse associations between fruit consumption and the age-adjusted and areaadjusted risk of mortality or incidence of lung cancer. However, the associations were largely attenuated after adjustment for smoking and energy intake. The significant decrease in risk among men remained only for a moderate level of fruit consumption; the lowest summary hazard ratios were found in the third quintile of intake (mortality: 0.71, 95% confidence interval 0.60-0.84; incidence: 0.83, 95% confidence interval 0.70-0.98). This decrease in risk was mainly detected in ever smokers. Conversely, vegetable intake was positively correlated with the risk of incidence of lung cancer after adjustment for smoking and energy intake in men (trend P, 0.024); the summary hazard ratio for the highest quintile was 1.26 (95% confidence interval 1.05-1.50). However, a similar association was not detected for mortality from lung cancer. In conclusion, a moderate level of fruit consumption is associated with a decreased risk of lung cancer in men among the Japanese population.
T he protective effects of vegetable and fruit consumption against the development of lung cancer have previously been examined in case-control and cohort studies. (1, 2) There has been particular interest in the potential of vegetables, which are rich in carotenoids, for reducing the risk of lung cancer. An international review by the World Cancer Research Fund and the American Institute for Cancer Research (2) concluded that consumption of fruit and foods containing carotenoids probably decreases the risk of lung cancer, and that consumption of non-starchy vegetables possibly decreases this risk (the evidence was classified as "limited-suggestive"). This conclusion is in agreement with a review by the International Agency for Research on Cancer (IARC), (1) which reported that a high intake of fruit and vegetables is associated with a decreased risk of lung cancer, based on meta-analyses of cohort and case-control studies.
However, clinical trials of b-carotene supplementation failed to show a decrease in the risk of lung cancer. (3) In addition, the hypothesized risk reduction in relation to the consumption of vegetables has been challenged in some recent large-scale prospective studies. (1) To establish cancer prevention strategies in Japan, re-assessment is required for the role of consumption of vegetables and fruit in the prevention of lung cancer. Our research group previously reviewed published epidemiological studies on the association of vegetable and fruit consumption with the risk of lung cancer in the Japanese population. (4) We showed that fruit consumption possibly decreases the risk of lung cancer in Japan, whereas there is insufficient epidemiological evidence for an association between vegetable consumption and the risk of lung cancer. This finding may indicate that a reduction in risk through the intake of vegetables and fruit, if any, is smaller in Japanese than in other populations.
However, in the process of this systematic review we realized that there is insufficient relevant evidence in Japan. To address this issue, we performed a pooled analysis of data from four large-scale cohort studies carried out in Japan with more than 200 000 participants.
Materials and Methods
Study populations. Since 2006, the Research Group for the Development and Evaluation of Cancer Prevention Strategies in Japan has been conducting pooled analyses using original data from major cohort studies to examine the association of lifestyle factors with major cancers in Japanese people. (5) (6) (7) (8) (9) (10) The following inclusion criteria were defined a priori for the present analysis: (1) population-based cohort studies carried out in Japan; (2) studies initiated between the mid-1980s and mid-1990s; (3) involvement of more than 30 000 participants; (4) assessment of vegetable and fruit consumption in the baseline survey with a food frequency questionnaire (FFQ); and (5) follow up for the incidence and mortality of primary lung cancer as outcome information. We eventually identified four studies that met these criteria: (1) the Japan Public Health Center-based Prospective Study-I (JPHC-I); (11) (2) the Japan Public Health Center-based Prospective Study-II (JPHC-II); (11) (3) the Japan Collaborative Cohort Study (JACC); (12) and (4) the Miyagi Cohort Study (MIYAGI). (13) Selected characteristics of these cohort studies are shown in Table 1 .
We excluded data from participants with extreme energy intakes (>3 SD from the mean log e -transformed energy intake in each study), those with missing information on dietary intake and those with a history of cancer at baseline. The relevant institutional review board approved each study. The JPHC-I and JPHC-II have already published results on the association of consumption of vegetables and fruit with the risk of lung cancer. (14) In the current study, we reanalyzed the updated dataset for JPHC-I and JPHC-II.
Assessment of consumption of fruit and vegetables. In each study, dietary intake was assessed by means of self-administered FFQ. Although the FFQ differed by study, investigators in each cohort estimated the consumption in grams for the following food groups, based on the frequency of intake: (1) fruit; (2) total vegetables; (3) green-yellow vegetables; and (4) vegetables and fruit. The details of the questionnaires have been described previously. (15) In brief, the questionnaire contained questions asking about the average frequency of intake of food items, including several vegetables and fruits. A portion size for each food item was determined in each cohort based on the median values observed in 12-day or 28-day dietary records (DR) that were collected in the validation studies for the FFQ. (16) (17) (18) We computed daily intake of each food item by multiplying the portion size by intake frequency per day, and then estimated the consumption of fruit, total vegetables and green-yellow vegetables (g ⁄ day) by summing up the daily intake of food items belonging to each of the three food groups.
Correlation coefficients between intakes estimated from the questionnaires and those from DR for fruit, total vegetables and green-yellow vegetables, respectively, were 0.55, 0.27 and 0.25 in men and 0.35, 0.31 and 0.19 in women for the JPHC, (17) and 0.76, 0.60 and 0.54 in men and 0.70, 0.45 and 0.44 in women for the MIYAGI. (16) . Although the validity for vegetable and fruit intake as food groups was not reported in the JACC FFQ, the same questions posed in the MIYAGI were asked regarding intake. Furthermore, Spearman's rank correlation coefficients between intake frequencies from the JACC FFQ and those from DR for each food item of fruit and vegetables were reasonably high for individual foods (range, 0.18-0.45; median, 0.33). (18) Smoking habits were determined using the baseline questionnaires. Based on responses to the questionnaires, never smokers were defined as follows: participants who answered no to the question "Have you ever been a smoker?" in the JPHC-I; those who answered no to the question "Do you currently smoke cigarettes?" and did not respond to any question for former smokers (age at quitting smoking, number of cigarettes smoked per day and age at starting smoking) in the JPHC-II; and those who chose the last response from the three possible responses, namely, "I smoke," "I used to smoke, but I quit" and "I have not smoked" in the JACC and MIYAGI.
Follow up and study outcome. Participants were followed from the baseline survey until the last date of follow up in each study (Table 1) . Vital status was confirmed through the residential registry. Information on the cause of death was obtained from death certificates, and the cause of death was coded according to the International Classification of Diseases, Tenth Revision (ICD-10). Information on diagnosis of cancer was collected for the whole population in the JPHC-I, JPHC-II and MIYAGI through active patient notification from major local hospitals and ⁄ or population-based cancer registries. In the JACC, information on diagnosis of cancer was collected in 22 out of 45 study areas. Cancer cases were coded using the International Classification of Diseases for Oncology, Third Edition (ICD-O-3). The study outcome was defined as death or incidence of lung cancer (ICD-10, code C34 or ICD-O-3, topography code C34). The percentage of incident cases microscopically verified was 87.3% in the JPHC-I, 80.5% in the JPHC-II and 86.5% in the MIYAGI. The percentage could not be calculated in the JACC because the information on diagnostic method was unavailable for 64% of lung cancer cases in the cohort.
Statistical analyses. Analysis of the data included two parts: analyses for mortality from lung cancer and the incidence of lung cancer. The follow-up period was calculated from the date of the baseline survey in each study until the date of death or diagnosis of lung cancer, migration from the study area or emigration from Japan (for the analyses of mortality in the JPHC-I and JPHC-II), death from any cause or the end of follow up, whichever came first. Losses to follow up due to migration and deaths not due to lung cancer were treated as censored cases by using proportional hazards models in the analyses of both mortality and incidence. The diagnosis of cancers other than malignant lung tumors was not treated as an end of follow up. To minimize the effects of malignancy itself, the first 3 years from baseline were excluded from the risk period.
For inclusion in estimation of summary statistics, we conducted study-specific analysis stratified by sex. Each analysis used a proportional hazards model to estimate the hazard ratios (HR) and their 95% confidence intervals (CI) for the mortality or incidence of lung cancer by consumption level of the four groups of fruit and vegetables (fruit, vegetables and fruit, green-yellow vegetables, and vegetables). The consumption was adjusted for total energy intake by the residual method (19) and was categorized into quintiles. We used sexspecific and cohort-specific cutoff points for the quintiles (Suppl. Table S1 ). The HR were computed for the second to the highest quintiles versus the lowest. All of the studies estimated two types of HR: age-(continuous) and areaadjusted (within each study for JPHC-I, JPHC-II and JACC) HR and multivariate-adjusted HR. The multivariate model included smoking (never smokers, ex-smokers who had quit smoking <5, 5-9, 10-14, 15-19 or 20+ years ago; current smokers with <20, 20-39, 40-59, 60-79, 80-99 or 100+ pack-years; and unknown) and intake of total energy (continuous) in addition to age and area. Pack-years in current smokers were calculated as (daily consumption of tobacco [number of cigarettes ⁄ day]) 9 (duration of smoking [years]) ⁄ 20. We incorporated total energy intake because its inclusion may reduce the random error in the effect of vegetable ⁄ fruit intake if energy intake has an important association with the outcome. (19) We also conducted subgroup analyses in never smokers and ever smokers (ex-smokers and current smokers), whereby we determined sex-specific and cohortspecific cutoff points for quintiles of vegetable and fruit intakes separately for the two subgroups. SAS version 9.1 (SAS Institute, Cary, NC, USA) or STATA, version 10.1 (Stata Corporation, College Station, TX, USA) statistical software was used for these estimations.
To obtain a single pooled estimate of the HR from the individual studies for each quintile, we applied a fixed-effect model. The pooled HR was statistically tested individually for the second to the highest quintiles versus the lowest; the null hypothesis was that the risk of lung cancer mortality or incidence was not different between individuals with each of the second to the highest quintile of vegetable ⁄ fruit intakes and those with the lowest quintile. We did not consider possible issues of multiple comparisons, as in the previous analysis regarding the risk of stomach cancer and consumption of vegetables and fruit. (15) We tested heterogeneity among studies for each category by using Cochran's Q statistic and found no apparent indication of heterogeneity (P > 0.05 for all categories). The dose-response relationship was examined by models in which the lowest to the top quintiles were scored as 0, 1, 2, 3 and 4, respectively, and were incorporated as explanatory variables in individual studies. Resultant HR from all of the four cohorts were combined using a fixed-effect model. The "metan" command (http:// www.stata.com/stb/stb44) for STATA was used for the present meta-analysis.
Results
With regard to lung cancer mortality, we found significant inverse associations of consumption of fruit, vegetables and fruit, and green-yellow vegetables with age-adjusted and area-adjusted risk in men (Table 2) . However, adjustment for smoking and total energy intake largely weakened the association; a significantly decreased risk was observed only in the second and third quintiles of consumption for fruit. The lowest summary HR was found in the third quintile (0.71; 95% CI 0.60-0.84; P = 6 9 10
À5
). When the study population was stratified by smoking habits, the decreased risk associated with fruit consumption was observed only among ever smokers (Tables 3 and 4 ). For female ever smokers, we found a somewhat inverse association of consumption of fruit, or vegetables and fruit, with a risk for mortality, although the number of fatal lung cancer cases was small (n = 70, Table 4 ).
With regard to the incidence of lung cancer (Tables 5-7 ), significant inverse associations between consumption of fruit and vegetables and the multivariate-adjusted risk were only detected in the third quintile of fruit consumption in all men (summary HR, 0.83; 95% CI 0.70-0.98; P = 0.032; Table 5 ) and male ever smokers (summary HR, 0.83; 95% CI 0.69-0.99; Table 7) , and in the third quintile of fruit and vegetable consumption in male never smokers (summary HR, 0.41; 95% CI 0.18-0.91; Table 6 ). The decrease in risk of incidence of lung cancer was generally smaller compared with that for mortality from lung cancer. In contrast, a significantly increased risk for the incidence of lung cancer was correlated with a higher intake of vegetables among all men and men who were ever smokers. The summary HR for the highest quintile was 1.26 (95% CI 1.05-1.50) for all men (Table 5 ) and 1.28 (95% CI 1.06-1.54) for men who were ever smokers (Table 7) .
For never smokers, we also analyzed the data after combining men and women (Tables S2 and S3 ). The findings were essentially similar to those of the analyses stratified by sex.
Discussion
In the present pooled analysis, we found inverse associations between fruit consumption and the age-adjusted and areaadjusted risk of mortality or incidence of lung cancer in men. The risk of mortality was also negatively correlated with consumption of green-yellow vegetables. However, these associations were largely attenuated after adjustment for smoking and intake of total energy. The significant decrease in the risk of mortality or incidence of lung cancer in men only remained for a moderate level of fruit intake (around median intake). This decrease in risk was mainly detected in ever smokers. In contrast, vegetable intake was positively correlated with the risk of incidence of lung cancer after adjustment for smoking and energy intake. The present finding that the potential protective effect on lung cancer is more evident for fruit consumption than for vegetable intake is in line with that of the international review by the World Cancer Research Fund and the American Institute for Cancer Research, (2) and that of the review for the Japanese population by our research group. (4) However, the inverse association of fruit consumption with the risk of mortality or incidence of lung cancer was less clear in the present pooled analysis compared with the previous review by our group. The trend in risk with increasing fruit intake was not statistically significant in the current study, while the summary relative risk per serving per day of fruit consumption was significantly smaller than unity (0.92; 95% CI 0.84-1.00) in the systematic review for Japanese people. (4) Residual confounding effects attributable to smoking might have resulted in overestimation of the decrease in risk of mortality or incidence of lung cancer in our previous review. Strata broader than used in the present pooled analysis were used to adjust for smoking habits in several previous studies, as we pointed out in that review. (4) In the current study, consideration of smoking as a confounding factor greatly attenuated the apparent correlation of consumption of fruit and green-yellow vegetables with the decrease in risk, which suggests substantial residual confounding in some previous studies. In addition, because the lowest HR was found in the third quintile of fruit consumption in our study, some of the participants would have consumed more fruit than the optimal level to prevent lung cancer.
The evidence for a reduction in risk associated with consumption of vegetables and fruit has often been derived from case-control studies. (1, 2, 4) However, these studies might have overestimated the reduction compared with cohort studies, which has been suggested in international reviews. (1, 2) This overestimation could be ascribable to recall bias in the assessment of dietary intake.
Because the present study was conducted among Japanese, consumption levels and types of vegetables and fruit, as well as biological characteristics of lung cancer, may differ from those in other populations. Matsuo et al. (20) showed that the risk of lung cancer in individuals without epidermal growth factor receptor mutation was more inversely correlated with the intake of green-yellow vegetables and fruit compared with persons with this mutation. Because epidermal growth factor receptor mutation is more frequently found in lung cancer among East Asians, including Japanese, (21, 22) than in Western populations, protective effects of green-yellow vegetables and fruit, if any, might be smaller in Japan.
In our study, the significantly lower summary HR in relation to moderate fruit consumption was found only in men. This finding may be explained by the higher proportion of ever smokers in men than in women (78 versus 8% in the analysis for mortality and incidence) because such a decrease in risk was only found in ever smokers. This result may be in line with those of case-control studies reviewed by the IARC. (1) In addition, a reduction in risk of death from lung cancer, which was associated with higher concentrations of serum carotenoids, was stronger in current smokers than in never or former smokers in a cohort study. (23) Surprisingly, we found an upward trend in the risk of incidence of lung cancer with an increasing intake of vegetables. This finding may have been the result of chance, as a similar association was not detected for mortality from lung cancer. Nevertheless, unknown confounding factors that are correlated with vegetable consumption cannot be ruled out. A possible reason to explain the positive correlation of intake of vegetables with the incidence of lung cancer may be that latent lung cancers are detected among participants in screening, and their incidence is seemingly increased among them. This might result in a positive correlation between vegetable intake and the incidence of lung cancer because participants in cancer screening programs are generally health-conscious and likely to consume more vegetables. (24) The strengths of the current study include its prospective design, population-based settings, long follow up, and adjustments with detailed strata for smoking, which is the strongest confounder next to age. The pooling of data from cohort studies enabled us to determine the risk of lung cancer associated with consumption of vegetables and fruit in a large sample size using common statistical procedures.
Some methodological limitations of our study warrant discussion. First, although the FFQ used in each cohort was validated by referring to DR, the number of vegetables or fruits was relatively small in most cases to cover their consumption. Generally, the assessment of vegetable consumption with an FFQ will be difficult compared with fruit intake, (25) as was the case in the present study. The association of vegetable consumption with the risk of lung cancer might have been attenuated because of error in the estimate of intake. (26) Second, we did not examine the risk by histological type because this information was not available for a considerable proportion of lung cancer cases, particularly in the JACC Study, and the pooled data by histological classification from the JPHC-I and JPHC-II had already been published. (14) Third, the follow up was continued after the diagnosis of cancers other than malignant lung tumors, so that some cases of metastatic tumors in the lung might have been erroneously included as incident cases of lung cancer. In addition, we did not consider possible issues of multiple comparisons. Although this may be a routine procedure in the analysis of dose-response relationships, (15) some of the marginally significant summary HR should be interpreted with caution. Finally, dietary intake was assessed only once at baseline.
In conclusion, a moderate level of fruit consumption is associated with a decreased risk of lung cancer in men in the Japanese population, particularly in ever smokers. 
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